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A B S T R A C T 

Since the unexpected discovery of fast radio bursts (FRBs), researchers have proposed varied theories and models to explain these 
phenomena. One such model that has recently been developed incorporates the so-called Gertsenshtein–Zel’dovich (GZ) effect, 
which states that when gravitational wav es trav erse a pulsar magnetosphere, a portion of the gravitational radiation is transformed 

into electromagnetic (EM) radiation. The observed properties of FRBs are consistent with the properties of this EM radiation, 
implying, remarkably, that the GZ effect can account for both repeating and non-repeating FRBs. If this model is correct, the 
pulsar’s properties should not change o v er time, and it would continue to emit both EM dipole and gravitational quadrupole 
radiation for a long period of time. This article targets the gravitational radiation produced by the pulsar mechanism and shows 
that several proposed gravitational wave detectors can detect these gravitational waves. If such detections are performed in the 
future from the location of FRBs, it might validate the GZ process for FRB production and potentially rule out several other 
theories of FRB generation. 

Key w ords: gravitational w aves – radiation mechanisms: general – stars: magnetic field – pulsars: general – stars: rotation – fast 
radio bursts. 
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 I N T RO D U C T I O N  

ast radio bursts (FRBs) are bright radio transient events (observed
ux is typically on the order of Jy) with approximately millisecond
urations. Since their first disco v ery by Lorimer et al. ( 2007 ), several
adio telescopes, such as the Canadian Hydrogen Intensity Mapping
xperiment (CHIME) 1 , Parkes 2 , Australian Square Kilometre Array
athfinder (ASKAP) 3 , Molonglo Observatory Synthesis Telescope
UTMOST) 4 , Pushchino (Dagkesamanskii 2009 ) 5 , etc., have so far
etected o v er 500 FRBs, in between 100 MHz and 8 GHz frequency
ange during the last decade. The majority of these have been
etected by CHIME in recent years. The relatively large dispersion
easures observed indicate that most FRBs have extragalactic

rigins. A notable exception is FRB 200428, which is confirmed to
riginate from a Galactic magnetar SGR 1935 + 2154 (CHIME/FRB
ollaboration 2020 ; Bochenek et al. 2020a , b ). The anticipated rate
f observable FRBs in the entire sky is estimated to be around 1000
er day (Champion et al. 2016 ). 

As more FRBs are identified, our understanding of possible
lausible FRB progenitors impro v es. Since their disco v ery, sev eral
odels using neutron stars (NSs), black holes (BHs), and white

warfs (WDs) have been proposed to explain some features of FRBs
 E-mail: surajit.kalita@uct.ac.za (SK); amanda.weltman@uct.ac.za (AW) 
 ht tps://chime-experiment .ca/en 
 https:// www.parkes.atnf.csiro.au/ 
 ht tps://www.at nf.csiro.au/projects/askap/index.html 
 https:// astronomy.swin.edu.au/ research/utmost/ 
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Published by Oxford University Press on behalf of Royal Astronomical Socie
Commons Attribution License ( http://cr eativecommons.or g/licenses/by/4.0/), whi
see Platts et al. 2019 for a comprehensive review of progenitor
odels). According to Falcke & Rezzolla ( 2014 ), a supramassive

otating NS, which may be formed in an NS–NS merger, collapses
o a BH, and the magnetic field lines suddenly shatter. It causes
 magnetic shock to occur, and the accelerated electrons travelling
ith the shock dissipate a considerable portion of their energy in

he magnetosphere, resulting in FRBs. Other models account for a
inary NS merger (Totani 2013 ) or a binary WD merger (Kashiyama,
oka & M ́esz ́aros 2013 ), or a WD–NS merger (Liu 2020 ), in which,
oherent radio emission is generated either from the entire surface or
rom the polar region of the combined object at the time of the merger,
nd this radiation is what we see as FRBs. Theories incorporating
agnetars, highly magnetized neutron stars, have gained significant

raction since the disco v ery of an FRB associated to a galactic
agnetar as mentioned abo v e (Bochenek et al. 2020b ). Magnetar

rigin theories involve different physical mechanisms to produce
he bursts including curvature radiation mechanism (Kumar, Lu &
hattacharya 2017 ; Lu & Kumar 2019 ), starquake mechanisms such
s the crustal activity of a magnetar (Wang et al. 2018 ), synchrotron
aser emission from relativistic magnetized shocks (Lyubarsky

014 ), giant flares in soft gamma repeaters (Kulkarni et al. 2014 ),
tc., are also popular because they can explain various features of
RBs. 
Notably, some FRBs are observed to repeat, and many appear

o be single events. Hence, the progenitor theories that forecast
he repeating FRBs appear to be more promising because they can
qually predict the apparently non-repeating ones, suggesting that
hey may repeat after a long time, or that we are yet to observe
heir repetitions. Of course, given the range of properties for FRBs
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Figure 1. Schematic diagram of a pulsar where magnetic field axis makes 
an angle of χ with the rotation axes. The angle between the rotation axis and 
the detector’s line of sight is i . 
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bserved so far, and the variability of the known host environments, 
t is plausible, even likely, that there are different types of FRBs,
ith repeaters and non-repeaters falling into two different classes. 
one the less, a mechanism that could explain both classes would be

ompelling. 
Recently, Kushwaha, Malik & Shankaranarayanan ( 2022 ) sug- 

ested a no v el generation mechanism based on the Gertsenshtein–
el’dovich (GZ) effect which implies that when gravitational waves 

GWs) propagate through the magnetosphere of a pulsar, a part of
heir energy is transformed into electromagnetic (EM) radiation in 
adio frequencies, which we observe as FRBs. They showed that this
odel can simultaneously explain both repeating and non-repeating 
RBs. It is worth noting that this process is reversible, meaning 

hat EM radiation can also be transformed to GWs in the presence
f a magnetic field. This was earlier proposed by Gertsenshtein 
 1962 ) and later applied in astrophysics by Zel’dovich ( 1974 ). This
s no w kno wn as the GZ ef fect. Using this ef fect, Portilla & Lapiedra
 2001 ) showed the generation of high-frequency GWs in different 
edia. Later, Stephenson ( 2005 ) provided a simple demonstration 

f this effect where X-ray light is converted to GWs separately 
n the presence of static and alternating magnetic fields. Further, 
olosnitsyn & Rudenko ( 2015 ) showed the direct and inverse effects
f the GZ mechanism, thereby estimating the strengths of EM and 
Ws generated. Ev entually, sev eral others hav e demonstrated how 

o impro v e the design sensitivity so that we can detect weaker signals
t high frequencies (Zheng et al. 2018 ; Herman et al. 2021 ). 

Due to the existence of a number of theories for the progenitor
echanism for FRBs, it is premature to single out only one. Even
 substantial increase in FRB detections may not be sufficient to 
onstrain progenitor theories, in which case GW astronomy might 
lay a vital role. In this article, we look into the feasibility of using
W detectors to identify the central object that causes the effect, 

nd determine whether the GZ effect is indeed a driver of FRBs.
f the central compact object behaves like a pulsar, which means 
ts rotation and magnetic field axes are not aligned, it can generate
ontinuous GWs. If the object is a White Dwarf (WD), it can emit
Ws at a frequency lower than 1 Hz and if it is a Neutron Star (NS),

he frequency may exceed 1 Hz due to its smaller size. 
Further, the sensitivity of our present ground-based GW detectors 

as not yet been experimentally proven to be adequate to detect 
ontinuous GWs although they might detect such waves in the future. 
o we ver, dif ferent proposed ground-based or space-based detectors, 

uch as Laser Interferometer Space Antenna (LISA), Big Bang 
bserver (BBO), DECi-hertz Interferometer Gravitational Wave 
bserv atory (DECIGO), adv anced Laser Interferometer Gravita- 

ional Wave Observatory (aLIGO), Einstein Telescope (ET), Cosmic 
xplorer (CE), etc. (Moore, Cole & Berry 2015 ; Miller & Yunes
019 ; Bailes et al. 2021 ), may detect the continuous GW signal from
D and NS pulsars (Bonazzola & Gourgoulhon 1996 ; Abbott et al.

007 ; Aasi et al. 2014 ; Kalita et al. 2020 , 2021 ). When gravitational
adiation is converted to EM radiation due to the GZ effect, the pulsar
roperties including the magnetic field strength, rotation speed, and 
he pulsar angle, remain the same, and they can continuously emit 
Ws. Once future detectors are operational and detect a GW signal 

rom the site of the observed FRBs, they can immediately tell us that
he central object (in this case a pulsar), is still intact, ruling out some

odels involving BHs or collisions, and emphasizing other theories 
ike the GZ effect. 

If the GZ effect is responsible for the formation of FRBs, we
an extract the central object’s characteristic attributes, such as the 
agnetic field strength, angular velocity, and pulsar angle, from 

he observed properties of the bursts. In this article, we use these
arameters to calculate how long it takes a specific GW detector to
etect this signal based on its sensitivity curve. The following is an
utline of how this article is organized. In Section 2 , we first briefly
iscuss the GZ mechanism and then introduce continuous GWs and 
heir detection. In Section 3 , we discuss the GW strengths due to the
ulsar mechanism for the compact objects associated with the FRBs
nd thereby estimate the required time to detect these GW signals
sing various GW detectors. We choose a few typical FRBs to see
hether the GW detectors can detect the central object within 1 yr
f their respective operation periods. Finally, we put our concluding 
emarks in Section 4 by discussing various results. 

 GERTSENSHTEI N– ZEL’DOV I CH  EFFE CT  

N D  G W  DETECTI ON  T E C H N I QU E  

ccording to the GZ effect, if GWs mo v e through a transverse
agnetic field, an induced EM field is produced; a part of the incident

ravitational radiation is converted to EM radiation. Let us consider 
 pulsar rotating at a frequency �rot . Note that, by pulsar, we mean
hat it can either be a WD pulsar or an NS pulsar. Hence, the ef fecti ve

agnetic field at any point in the pulsar magnetosphere at a time t can

e written as � B ( t) = 

� B 

(0) + δ � B sin ( �rot t) (Kushwaha et al. 2022 ).
ow, if a GW with frequency �g and wave number k g travels in z-
irection, the two modes of polarization for this GW can be written as 

 + 

= A + 

e i ( k g z−�g t ) and h × = iA ×e i ( k g z−�g t ) . (1) 

Let us consider this gravitational radiation falls in the pulsar 
agnetosphere where the magnetic field is in y -direction, i.e. 

� B ( t) = 

(
0 , B 

(0) 
y + δB y sin ( �rot t) , 0 

)
. It is schematically shown in 

ig. 1 . Now, the background is curved due to the presence of GWs
nd we can no longer consider a flat Minkowski background. As a
esult, due to the coupling between the GWs and EM field, the EM
eld tensor is modified and the resulting electric and magnetic field
omponents are given by the following wave equations (Kushwaha 
t al. 2022 ) 

1 

c 2 

∂ 2 ˜ E x 

∂ t 2 
− ∂ 2 z 

˜ E x = f E ( z, t) , (2) 
MNRAS 520, 3742–3748 (2023) 
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1 

c 2 

∂ 2 ˜ B y 

∂t 2 
− ∂ 2 z 

˜ B y = f B ( z, t) , (3) 

here 

 E ( z, t) = −A + 

B 

(0) 
y k g �g 

c 
e i ( k g z−�g t ) 

− iA + 

δB y k g 

2 c 

[ 
�+ 

e i ( k g z−�+ t ) − �−e i ( k g z−�−t ) 
] 

− zA + 

δB y �rot 

2 c 3 

[ 
�2 

+ 

e i ( k g z−�+ t ) + �2 
−e i ( k g z−�−t ) 

] 
, 

 B ( z, t) = −A + 

B 

(0) 
y k 2 g e 

i ( k g z−�g t ) 

− iA + 

δB y k 
2 
g �g 

2 

[ 
e i ( k g z−�+ t ) − e i ( k g z−�−t ) 

] 
− iA + 

δB y �rot 

2 c 2 

[ 
�+ 

e i ( k g z−�+ t ) − �−e i ( k g z−�−t ) 
] 

+ 

zA + 

δB y �rot k g 

2 c 2 

[ 
�2 

+ 

e i ( k g z−�+ t ) − �2 
−e i ( k g z−�−t ) 

] 
, 

ith �± = �g ± �rot . For simplicity, we assume that A + 

= A ×.
ence, the resulting EM wave consists of three frequencies: �g and
±. Now, for the infalling GWs, if �g � �rot such that �± ≈ �g ,

he solutions of the abo v e wav e equations are giv en by 

˜ 
 x ≈ −1 

2 

(
B 

(0) 
y A + 

− δB y A + 

�rot t 
)
e i ( k g z−�g t ) , (4) 

˜ 
 y ≈ −1 

4 

(
B 

(0) 
y A + 

+ 2 δB y A + 

�g t 
)
e i ( k g z−�g t ) . (5) 

ow, the energy density carried by these induced EM waves is given
y 

EM 

= 

| ̃  E x | 2 + | ̃  B y | 2 
8 π

≈ | A + 

| 2 ∣∣B 

(0) 
y 

∣∣2 

128 π

(
5 + 4 ξ 2 �2 

g t 
2 + 4 ξ�g t 

)
, 

(6) 

ith ξ = δB y /B 

(0) 
y . In our calculations, we use ξ = 0.01 which is

ell within the bound given by Pons, Vigan ̀o & Geppert ( 2012 ).
imilarly, the energy density for the GWs assuming A + 

= A ×, is
iven by 

GW 

= 

c 2 �2 
g 

32 πG 

(| A + 

| 2 + | A ×| 2 ) = 

c 2 �2 
g 

16 πG 

| A + 

| 2 . (7) 

herefore, the amount of GW energy converted in EM waves at a
oint is given by 

= 

ρEM 

ρGW 

= 

5 G 

∣∣B 

(0) 
y 

∣∣2 

8 c 2 

[ 

4 

5 
ξ 2 

( z 

c 

)2 
+ 

4 

5 

ξ

�g 

z 

c 
+ 

1 

�2 
g 

] 

, (8) 

nd the total amount of energy converted from GWs to EM waves
ue to the entire pulsar magnetosphere is given by 

tot = 

1 

R LC 

∫ R LC 

R CO 

αd zd � (9) 

≈ 5 πG 

∣∣B 

(0) 
y 

∣∣2 

2 c 2 

[ 

4 

15 
ξ 2 

(R LC 

c 

)2 

+ 

2 ξ

5 �g 

(R LC 

c 

)
+ 

1 

�2 
g 

] 

, (10) 

here � is the solid angle, R CO is the radius of the compact object,
nd R LC is the radius of the pulsar magnetosphere. In general,
 LC � R CO and the abo v e inte gration is computed under this

ssumption. Moreo v er, the Poynting v ector (peak flux) is giv en by 

 z = 

c 

8 π

∣∣∣ � E × � B 

∣∣∣ (11) 
NRAS 520, 3742–3748 (2023) 
= 

A 

2 
+ 

∣∣B 

(0) 
y 

∣∣2 
c 

128 π

⎡ 

⎢ ⎢ ⎣ 

√ √ √ √ √ 

24 c 2 �2 
g αtot 

πG 

∣∣∣B 

(0) 
y 

∣∣∣2 − 51 − 6 c 2 �g �rot αtot 

πG 

∣∣∣B 

(0) 
y 

∣∣∣2 − 1 

⎤ 

⎥ ⎥ ⎦ 

.

(12

If the infall GWs were generated in the early univ erse, the y might
ave a wide frequency range. Hence, the linear frequency νg =
g / 2 π ≈ 10 6 − 10 9 Hz is achie v able in such a scenario. Light pri-
ordial black holes e v aporating before nucleosynthesis, mergers of

rimordial black holes, capture in primordial black hole haloes, axion
nnihilation to photons or gravitons, reheating, oscillon production
n the early universe, plasma instabilities, exotic compact object
inaries, brane-confined matter, etc. are all examples of mechanism
hat could generate GWs in this frequency range (Servin & Brodin
003 ; Anantua, Easther & Giblin 2009 ; Arvanitaki & Geraci 2013 ;
indmarsh et al. 2015 ; Kuroda, Ni & Pan 2015 ; Giudice, McCul-

ough & Urbano 2016 ; Ejlli et al. 2019 ; Aggarwal et al. 2021 ; Guo
t al. 2021 ; Pustovoit et al. 2021 ; Sun & Zhang 2021 ). On the other
and, for an NS pulsar, the linear frequency νrot = �rot / 2 π � 1 kHz
nd for a WD pulsar, νrot � 1 Hz. Therefore, it readily follows the
ondition �g � �rot , and the abo v e calculations are valid. 

Once the GWs generated instantaneously in the early universe
nteract and pass through the magnetosphere, EM radiation is
roduced with a frequency nearly equal to �g . As a result, the radio
etectors detect a sudden flash of radiation from the position of
he pulsar. Note that according to the GZ mechanism, gravitational
adiation gets converted to EM radiation only if the infall waves are
erpendicular to the magnetic fields. Thus, even if the infall GWs is
uasi-continuous in nature, unless the pulsar position is such that its
agnetic axis is perpendicular to the infall GWs, the GZ mechanism
ill not work. As the pulsar is rotating in a different direction to

he magnetic field, only when they become mutually perpendicular
o each other, the pulsar magnetosphere can convert GWs to EM
adiation. If the detector’s line of sight aligns with the direction of
nf all w aves, we see this EM radiation as a flash of light and thus it
an explain the origin of repeating FRBs. 

In the next section, we show in a couple of examples that this
adiation has a flux and pulse width similar to those of observed
RBs; therefore GZ effect can explain the origin of these FRBs. The
ulse width equals the time needed for the radiation to cross the entire
agnetosphere. Once the GWs pass the magnetosphere, the pulsar

ontinues, emitting both EM and GW radiations for a long time.
he pulsar can be detected by EM telescopes if it is near enough.
o we ver, if it is far away, then it is a challenge for EM telescopes

o detect these pulsars. Notably, it has been reported before (Abbott
t al. 2007 ; Aasi et al. 2014 ), that different proposed GW detectors
ill be able to detect continuous GWs from distant pulsars in the

uture. 
The two GW polarization modes emitted from a pulsar are given

y (Maggiore 2008 ) 

˜ 
 + 

= 

˜ A + , 1 cos ( �rot t ) + 

˜ A + , 2 cos ( 2 �rot t ) , (13) 

˜ 
 × = 

˜ A ×, 1 sin ( �rot t ) + 

˜ A ×, 2 sin ( 2 �rot t ) , (14) 

here 

˜ 
 + , 1 = 

˜ h 0 sin 2 χ sin i cos i, 
˜ 
 + , 2 = 2 ̃  h 0 sin 2 χ (1 + cos 2 i) , 

˜ 
 ×, 1 = 

˜ h 0 sin 2 χ sin i, 
˜ 
 ×, 2 = 4 ̃  h 0 sin 2 χ cos i, (15) 
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ith 

˜ 
 0 = 

G 

c 4 

�2 
rot εI 2 

d 
. (16) 

ere, I 2 represents the moment of inertia of the object about the
agnetic field axis and I 3 represents the same with respect to the

xis perpendicular to the magnetic field axis, such that ellipticity is
efined as ε = | I 2 − I 3 | /I 2 . The magnetic field axis and the detector’s
ine of sight create an angle with the rotation axis of χ and i ,
espectively. d is the distance between the GW detector and the 
ulsar. Note that we distinguish between the infall GWs produced 
n the early universe and the GWs produced by a compact object
y using a ‘tilde’ for the latter. Since pulsars emit both EM and
ravitational radiations, they are associated with the EM dipole and 
ravitational quadrupole luminosities, which are respectively given 
y (Zimmermann & Szedenits 1979 ; Melatos 2000 ; Spitko vsk y 2006 ;
hilippo v, Spitko vsk y & Cerutti 2015 ) 

 D = 

2 B 

2 
p R 

6 
p �

4 
rot 

3 c 3 
(
1 + sin 2 χ

)
, (17) 

 GW 

= 

2 G 

5 c 5 
ε2 I 2 2 �

6 
rot sin 2 χ

(
1 + 15 sin 2 χ

)
, (18) 

ith R p being the stellar radius at the pole where the magnetic field
trength is B p . As a result, �rot and χ decrease o v er time and their
ariations are given by (Melatos 2000 ) 

 rot 
d �rot 

d t 
= − 2 G 

5 c 5 
ε2 I 2 2 �

5 
rot sin 2 χ

(
1 + 15 sin 2 χ

)
− 2 B 

2 
p R 

6 
p �

3 
rot 

3 c 3 
(
1 + sin 2 χ

)
, (19) 

 rot 
d χ

d t 
= −12 G 

5 c 5 
ε2 I 2 2 �

4 
rot sin 3 χ cos χ − B 

2 
p R 

6 
p �

2 
rot 

3 c 3 
sin 2 χ, (20) 

here I rot is the moment of inertia of the compact object about the
otation axis. Because the GWs are emitted at two frequencies, when 
 GW detector detects such a signal, the signal-to-noise ratio (S/N)
s given by (Maggiore 2008 ) 

 / N = 

√ 

S / N 

2 
� + S / N 

2 
2 �, (21) 

here 

 S / N 

2 
�〉 = 

sin 2 ζ

100 

h 

2 
0 T sin 2 2 χ ( t) 

S n ( νrot ( t)) 
, (22) 

 S / N 

2 
2 �〉 = 

4 sin 2 ζ

25 

h 

2 
0 T sin 4 χ ( t) 

S n (2 νrot ( t)) 
. (23) 

ere, the angle between the interferometer arms is ζ , and the 
etector’s power spectral density (PSD) at the frequency νrot is 
 n ( νrot ). The PSD data for several detectors are collected from
oore et al. ( 2015 ) and Huang et al. ( 2020 ). 6 Given the proposed

quilateral triangular design of LISA, we assume ζ = 60 ◦ in our 
alculations while considering LISA and ζ = 90 ◦ for LIGO detectors. 
ne can in principle use a time-stacking approach in which the 
hole observation time is divided into a number of time-stacks. In

omparison to a long-term coherent search, an incoherent search 
mploying a time-stacking technique is computationally efficient 
Brady & Creighton 2000 ; Cutler, Gholami & Krishnan 2005 ). As a
esult, this stacking method can be used to search the entire sky for
nknown pulsars (Leaci, LIGO Scientific Collaboration & Virgo 
ollaboration 2012 ). Ho we ver, because for most FRBs’ angular 
ositions are known, in this work, we do not consider this technique.
 ht tp://gwplot ter.com 

7

8

9

urthermore, 〈 S/N 〉 � 5 is necessary to detect a continuous GW
ignal for a localized source with more than 95 per cent detection
fficiency (Pitkin 2011 ). 

 DETECTI ON  O F  G W  S I G NA L  F RO M  

O M PAC T  O B J E C T S  P RO D U C I N G  FRBS  

n this section, we consider a few typical FRBs from the CHIME 

7 

nd FRBCAT 

8 catalogues (Petroff et al. 2016 ; CHIME/FRB Col- 
aboration 2021 ). The physical parameters of the compact object, 
uch as its rotation rate and magnetic field strength, are obtained by
ombining FRB’s observed attributes along with the GZ effect. Later, 
e use these quantities to estimate the time required for different GW
etectors to detect the continuous GW signal emitted by the pulsar. 
We choose specific FRBs from the catalogue to e x emplify our

nalysis. 

.1 FRB 160920 

his FRB was observed by the Pushchino Radio Astronomy Obser- 
atory. It has the highest pulse width in the catalogue to date, which
ill give us the lowest �rot and thus put us in the frequency range

or LISA. It was observed at 111 MHz frequency with a pulse width
= 5 s and peak flux = 0 . 22 Jy. According to the GZ model, the
ulse width is the time required for GWs to cross the entire pulsar
agnetosphere. Therefore, the radius of the light cylinder is given 

y 

 LC = 

δc 

2 
= 7 . 49 × 10 10 cm . (24) 

ence, the angular speed of the compact object is given by 

rot = 

c 

R LC 
= 

2 

δ
= 0 . 4 rad s −1 , (25) 

nd thus the linear frequency is 

rot = 

�rot 

2 π
= 0 . 064 Hz . (26) 

Now, because it is observed at 111 MHz frequency with peak
ux = 0 . 22 Jy, we have νg = 111 MHz and S z /νg = 0 . 22 Jy. From
quation ( 12 ), it is evident that only unknown quantities are | B 

(0) 
y |

nd A + 

. Assuming A + 

= 10 −24 , it turns out that | B 

(0) 
y | = 5 . 5 × 10 8 G.

ote that such GW strain can be produced by various cosmological
echanisms mentioned in the previous section. For a detailed 

iscussion on the strength of GWs by these phenomena, one may
ook at the re vie ws by Kuroda et al. ( 2015 ) and Aggarwal et al.
 2021 ). It is worth noting that the rotation frequency for this particular
ase can be attained both by a WD and an NS. Similarly, a WD or
n NS can also achieve this desired surface magnetic field value.
sing these magnetic fields and rotation parameters, we model the 
Ds and NSs using the XNS code (version 3.0) 9 to obtain their ε

or the given magnetic field value. A brief discussion on the XNS

ode configuration is provided in appendix A . Moreo v er, the rotation
requency of this object turns out to be less than 1 Hz. As a result, the
urrently operational ground-based GW detectors are inef fecti ve and 
e require futuristic space-based detectors, such as LISA, DECIGO, 
BO, and others. 
MNRAS 520, 3742–3748 (2023) 

 ht tps://www.chime-frb.ca/cat alog 
 ht tps://www.frbcat .org 
 http://www.ar cetr i.astr o.it/science/ahead/XNS/code.html 
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M

Figure 2. S/N as a function of integration time for FRB 160920 assuming 
χ ( t = 0) = 45 ◦. The thick orange line corresponds to 〈 S/N 〉 ≈ 5. 

Figure 3. Detection time as a function of the distance to FRB 160920 
assuming it to be a WD for a detection threshold S/N = 5. 
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Figure 4. S/N as a function of integration time for FRB 180817A. 

Figure 5. Same as Fig. 4 except that now the surface field of the pulsar is 
3 . 0 × 10 15 G. 
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We now use the PSD for some of these GW detectors and estimate
he required time to observe this compact object by the respective
etectors. Fig. 2 depicts the cumulative S/N over 1 yr observation
eriod when the object is 100 kpc away. It turns out that if the source
s an NS, no proposed detector can detect it. Ho we ver, if it is a WD,
ome detectors, such as BBO and DECIGO, can detect it within
 yr of the observation period. Moreo v er, because S/N ∝ 1/ d , from
ig. 3 , it is also evident that if the source is a WD and it is extragalactic
ith the distance being O(Mpc), still both BBO and DECIGO may
etect it within 1 yr of the observation period. 

.2 FRB 180817A 

his FRB was observed by the CHIME telescope. Its observed
= 0 . 01769 s, S z /νg = 2 . 4 Jy, and νg = 501 . 1 MHz. Using similar

alculations to the aforementioned FRB, it turns out that R LC =
 . 65 × 10 8 cm, �rot = 113 . 1 rad s −1 , and νrot = 18 . 0 Hz. This is the
eason we choose this FRB as its rotation frequency lies approx-
mately at the most sensitive portion of the CE and ET detectors.
ecause this object cannot be a WD due to its high rotation, we
erform all of the necessary calculations for an NS. To match the
bserved flux, if A + 

= 10 −24 , it turns out that | B 

(0) 
y | = 3 . 0 × 10 10 G.

Substituting these numbers in the code with d = 100 kpc assuming
he toroidal field component is stronger than the poloidal one at the
NRAS 520, 3742–3748 (2023) 
ore, we calculate the S/N for some detectors as shown in Fig. 4 .
t is evident that no detector can detect this signal within 1 yr of
bservation period. Furthermore, if the incoming GWs on the pulsar
ave a weak strength, say A + 

= 10 −29 , we require | B 

(0) 
y | = 3 . 0 ×

0 15 G to match the observed flux, implying that it is a magnetar
n this scenario. Since the magnetic field is strong, it increases the
eformation of the compact object, and hence ε increases, resulting
n higher S/N. 

Because of the huge surface field, it has a large L D , and hence its
pin-down rate is very high. As a result, both χ and �rot decrease
ery quickly. Fig. 5 shows the S/N for such a magnetar. Because χ
nd �rot decrease rapidly, the amplitudes of ˜ h + 

and ˜ h × similarly fall
ery fast. Hence, in this scenario, S/N first increases and then remains
early constant. It is also evident that the CE and ET detectors may
etect the signal almost instantly while aLIGO would still be unable
o detect this signal. 

 DI SCUSSI ON  A N D  C O N C L U S I O N S  

sing the GZ effect is relativ ely no v el for pulsar astronomy. In this
aper, we have considered two typical FRBs. From their measured
ulse widths, we have calculated the rotation period of the pulsar
be it a white dwarf or a neutron star), whose magnetosphere is
esponsible for the GZ effect. Further, from their peak flux and the
requency at which the FRB is observed, we have calculated the
urface magnetic field of the pulsar. Note that, apart from all of
he observed parameters, the only unknown quantity is A + 

, which

art/stad392_f2.eps
art/stad392_f3.eps
art/stad392_f4.eps
art/stad392_f5.eps


Detecting FRBs in GW astronomy 3747 

i  

w  

a
u  

d  

t  

F
a  

D  

d  

i  

u

G
(
t  

t  

a  

t  

i  

f
r
d  

t

G  

F  

s
t  

I  

l  

g
r  

s  

t  

r  

F  

a
i  

r
c
i  

p

A

W
t  

G  

q
U
A
s
D
F

D

T  

t

R

A
A
A
A  

A
B
B  

B  

B
B
B
C
C
C
C
D
D  

D
E  

F
G
G  

G  

H  

H  

H
K
K
K  

K
K
K
K  

K
K
K

L

L
L  

L
L
M

M
M
M  

P  

P
P
P
P
P

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/520/3/3742/7025956 by D
eutsches Elektronen Synchrotron user on 18 April 2023
s inversely proportional to | B 

(0) 
y | . We have chosen A + 

in such a
ay that it can account for ordinary (less magnetic) WDs and NSs

s well as the highly magnetized ones, like magnetars. We have 
sed this magnetic field value to e x ecute the XNS code in order to
etermine the structure of the pulsar, and consequently, the S/N of
he GW signal, assuming the initial χ to be 45 ◦ as illustrated in
igs. 2 –5 . There might be additional observational techniques, such 
s the Hough transform, resampling methods, etc. (Patel et al. 2010 ;
hurandhar 2011 ), which might be computationally fa v ourable, b ut
iscussion about them is beyond the scope of this paper. We only
llustrate here that it is possible to shed light on the nature of FRBs
sing gravitational wave observations. 
We have shown that the LIGO and LISA cannot detect continuous 

Ws from the isolated WDs or NSs bearing the configurations 
rotation frequencies, magnetic fields, and distances) suggested in 
he aforementioned examples. Ho we ver, if the rotation frequency of
he source is such that it falls in the LISA-frequency range, only BBO
nd DECIGO would detect the gravitational radiation within 1 yr of
he observation period, provided the source is a WD even though it
s extragalactic. On the other hand, if the source is an NS and rotates
aster, such that its rotation frequency falls in the LIGO-frequency 
ange, then CE and ET detectors can detect the gravitational radiation 
epending on the surface magnetic field. They can detect the GWs if
he source is a magnetar with the surface field around 3 × 10 15 G. 

In this paper, we have outlined a potential scenario for utilizing 
W astronomy to confirm or refute the GZ effect as a progenitor for
RBs. We have selected a few typical FRBs and computed the GW
ignal strengths based on their various observed features, assuming 
hat the GZ effect is solely responsible for the formation of FRBs.
t is worth noting that this theory differs from other FRB theories,
ike mergers and other related theories. In the case of a merger, the
enerated GW signal is instantaneous. Thus, if those theories are 
esponsible for the detected FRBs, we can no longer detect the GW
ignal generated at the time of the merger. Ho we ver, according to
he GZ effect, an infalling GW radiation can be converted to EM
adiation due to the pulsar magnetosphere, and we observe it as
RBs. Thus the pulsar continues to rotate as it does since its birth
nd is capable of continuously emitting gravitational radiation. This 
s a distinct signature. In this paper, our target is to detect this GW
adiation. In the future, if the proposed GW detectors detect any 
ontinuous GW signal from the site of FRBs, this will immediately 
mply that the merger-like theories cannot explain all FRBs and thus
rovide significant support for the GZ theory. 
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PPENDIX  A :  BRIEF  DISCUSSION  O N  T H E  XNS 

O D E  C O N F I G U R AT I O N  

NS code was developed based on the algorithm that solves the time-
ndependent general relativistic magnetohydrodynamic (GRMHD)
quations to establish magneto-hydrostatic equilibrium for the com-
act object (Pili, Bucciantini & Del Zanna 2014 , 2017 ). It determines
he equilibrium structure of uniformly or differentially rotating
ompact objects together with purely toroidal or poloidal magnetic
elds. This code was originally developed to understand the structure
NRAS 520, 3742–3748 (2023) 
f NSs, but we changed it appropriately to handle WD configurations
lso. Detailed discussions on configuring NSs through XNS code are
iven by Pili et al. ( 2014 , 2017 ) and those for WDs are given by Das &
ukhopadhyay ( 2015 ); Kalita & Mukhopadhyay ( 2019 ); Kalita et al.

 2020 , 2021 ). 
In this work, because we know the surface magnetic fields, we

rst run the code assuming a purely poloidal configuration. We find
hat the central poloidal field is nearly 2 orders of magnitude larger
han the surface field. Further , W ickramasinghe, Tout & Ferrario
 2014 ) showed that if the compact object was born with a dominant
-dynamo action, its toroidal field component would eventually be

early 2 orders of magnitude larger than the poloidal field. Thus for
ur case, the central toroidal field could be as large as 5 . 5 × 10 12 G
hen the surface field is approximately 5 . 5 × 10 8 G. Note that the

entral field is primarily responsible for the change in the shape of the
ompact object and thus, it is the determining factor for ε. Hence,
e further run our code with this particular central toroidal field

omponent to obtain ε. The surface poloidal field component only
ontributes to the dipole luminosity. Although it is known that a star
ould be unstable for purely toroidal or poloidal field configurations,
e need to make this adjustment as the code cannot simultaneously
andle rotation and a suitably mixed field configuration. Note that
his field value and rotation speed are such that they are well
ithin the bound proposed by Komatsu, Eriguchi & Hachisu ( 1989 )

nd Braithwaite ( 2009 ); thus making the object to be in a stable
quilibrium condition. 
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